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Abstract 

High concentration of thyroglobulin antibodies (TgAb) is a major limiting factor of thyroglobulin measurements in patients with differentiated 
thyroid cancer. We investigated whether thyroglobulin antibody added to serum samples could interfere with the thyroglobulin assay. Thyroglobu- 
lin levels in serum samples with different concentrations of thyroglobulin were measured by electrochemiluminescence immunoassay before and 
after the addition of increasing concentrations of thyroglobulin antibody using the secondary calibrator solution of the thyroglobulin assay kit con- 
taining sheep thyroglobulin antibody to reach thyroglobulin antibody levels within or near to the reference range. Thyroglobulin and thyroglobulin 
antibody concentrations were also measured in 134 serum samples from 27 patients after thyroid ablation. There was a strong negative association 
(slope = -1.179) between thyroglobulin antibody and thyroglobulin concentrations in samples with added thyroglobulin antibody (beta = -0.86; P 
< 0.001). Changes in thyroglobulin concentrations were described mathematically as loss of thyroglobulin% = -0.2408 x Ln(thyroglobulin antibody 
lU/ml) + 0.1944. Thyroglobulin concentrations were significantly lower than those calculated from experiments with added thyroglobulin antibody 
in 26/134 samples from patients after thyroid ablation. We conclude that if the same TgAb interference exists in the presence of naturally occurring 
human TgAb, our observation may prove to be useful during follow-up of patients with differentiated thyroid cancer. However, further studies are 
needed to explore the clinical relevance of thyroglobulin antibody levels within or near to the reference range in monitoring these patients. 
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Introduction 

The presence of thyroglobulin autoantibodies 
(TgAb) in serum samples of patients with differen- 
tiated thyroid carcinoma (DTC) is a serious techni- 
cal problem affecting the use of thyroglobulin (Tg) 
as a tumour marker, because TgAb interference 
may result in an underestimation of serum Tg con- 
centrations. The prevalence of TgAb in patients 
with DTC is much higher (20-30%) than in the gen- 
eral population (1-5). This high prevalence, togeth- 
er with studies showing that even low levels of 
TgAb can cause falsely low Tg values may explain 
why all specimens need sensitive TgAb screening. 



However, current TgAb assays are qualitatively and 
quantitatively variable and TgAb concentrations 
obtained with different methods may show 100- 
fold differences in the same specimen (5,6). The 
manufacturers of current TgAb assays claim that 
the secondary standards included in their kits are 
calibrated against IRP-65/93 reference preparation 
as primary standard. The assay specific use of dif- 
ferent secondary standards is one reason why dif- 
ferent methods may provide different TgAb con- 
centrations. These differences reflect not only sub- 
optimal sensitivity and specificity but also differ- 
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ent interactions between the patient-specific iso- 
forms and the assay reagents (standards, tracer, 
antibody). These important variables explain why 
high TgAb concentrations do not always interfere, 
while in other cases low TgAb levels result in sig- 
nificant interference with the Tg assay (3,5,6). 

Because there is no reliable TgAb reference meth- 
od, it is necessary to use an independent param- 
eter for seeking the presence of interfering TgAb. 
The Tg recovery test, which is based on the addi- 
tion of a known quantity of Tg, proved to detect 
less reliably TgAb in some studies, and some, al- 
though not all studies discourage its use for the 
follow-up of patients with DTC (3-8). It has been 
also shown that radioimmunoassay (RIA) is less 
prone to the interfering effect of TgAb than other 
methods such as immunometric assays (IMA). In 
general, immunometric assays give lower serum 
Tg values in the presence of TgAb as compared to 
those obtained with RIA (3-6). In some studies 
the interference of TgAb with Tg measurement 
was estimated on the basis of discordant results 
of Tg measurements obtained with IMA and RIA 
(3-6). 

Although recent studies confirmed that low TgAb 
concentrations may have an impact on the validity 
of Tg measurements (9,10), the potential signifi- 
cance of TgAb concentrations within the reference 
range has not been elucidated or has been often 
neglected. In the present study we examined 



whether TgAb levels within or near to the refer- 
ence range could interfere with the Tg assay. 

Materials and Methods 

Subjects 

For our in vitro experiments we collected during 
a period of one year 9 serum pools with TgAb 
concentrations below the functional sensitivity 
of the TgAb assay. These serum samples were 
sent to the laboratory for TgAb measurement, 
and leftover samples were used for the experi- 
ments. All blood samples were taken under fast- 
ing condition between 08.00 and 10.00 AM. in 2 
mL native vacoutainer tubes, then serum sam- 
ples were aliquoted, stored at -80 °C and pro- 
cessed monthly. The Tg concentrations in these 
serum pools ranged from 7.8 to 125 ng/mL 
(Table 1). 

Serum samples (N = 134) were also collected from 
27 DTC patients after thyroidectomy and radioio- 
dine ablation (22 women and 5 men; median age, 
47 years; lower and upper age quartiles, 42 and 58 
years, respectively). Median follow-up time was 
2.5 years (lower and upper follow-up time quar- 
tiles, 0.5 and 8.0, respectively). The number of se- 
rum samples obtained from the same patient dur- 
ing follow-up was between 2 and 6. None of the 
DTC patients had previously diagnosed Graves' 
disease or Hashimoto thyroiditis. All but 28 sam- 



Table 1. Measured Tg and TgAb concentrations in aliquots of the 9 serum pools after the addition of 0, 30, 60, 120 and 180 lU/mL 
TgAb. 



Added TgAb 
(lU/mL) 



Measured TgAb (lU/mL) 
Mean ± SD 
(95% CI) 



Measured Tg concentrations in serum pools (ng/mL) 



5. 



0 


16.1 ±3.8 
(13.1-18.9) 


7.8 


11 


11.9 


14.5 


29 


50 


53.3 


73.8 


125 


30 


39.1 ± 5.5 
(34.9-43.4) 


3.9 


2.7 


4.3 


7.7 


10.6 


16.1 


17.2 


26.4 


37.9 


60 


75.6 ±2.5 
(65.9-85.1) 


ND 


ND 


0.8 


2.1 


2.6 


5.7 


4.5 


6.7 


8 


120 


131.4 ±3.8 
(121.3-138.5) 


ND 


ND 


ND 


ND 


ND 


1.9 


2.9 


1.2 


1.9 


180 


200.6 ± 6.2 
(197.5-208) 


ND 


ND 


ND 


ND 


ND 


ND 


ND 


ND 


ND 



ND - not detectable. 



Biochemia Medico 2012;22(3):365-70 



366 



LocseiZ. etal. 



Antibody interference with thyroglobulin assay 



pies were obtained from patients receiving thy- 
roxin (L-T4) treatment. Two of the 27 patients de- 
veloped metastatic DTC during the follow-up pe- 
riod. The study was performed in the Central Lab- 
oratory, Markusovszky Teaching Hospital of Coun- 
ty Vas, Szombathely, and was approved by the Re- 
search Ethics Committee of Markusovszky Hospi- 
tal. 

Methods 

Increasing concentrations of TgAb (ECLIA kit cali- 
brator containing 3250 IU/1 polyclonal TgAb pro- 
duced in sheep against human Tg and solved in 
human serum matrix; Roche GmbH, Germany, 
Mannheim) were added to aliquots of the 9 TgAb- 
free serum pools with varying concentrations of 
Tg to reach TgAb concentrations within or near to 
the reference range (Table 1). Samples were then 
incubated for one hour at room temperature and 
assayed for Tg and TgAb. Tg was undetectable in 
the TgAb solution. 

Serum Tg and TSH concentrations were measured 
using electrochemiluminometric assays (ECLMA, 
Roche) and TgAb by an electrochemiluminescence 
immunoassay (ECLIA, Roche). Each method was 
carried out using an Elecsys 2010 automated im- 
munochemical analyser (Roche). 

The cutoff value for increased TgAb provided by 
the manufacturer was 115 lU/mL. The within-run 
coefficients of variations (CV) were 8.6%, 2.1% and 
1.8% using samples containing 0.034, 0.91 and 
3.96 lU/mL TgAb, respectively. The inter-assay CVs 
measured in serum samples with target TgAb lev- 
els of 1 15 + 8.3 and 62.8 ± 5.4 lU/mL were 7.2 % and 
8.7%, respectively (N = 21). The analytical sensitivi- 
ty provided by the manufacturer was 10 lU/mL. We 
determined the functional sensitivity of the meth- 
od in 8 serum pools with TgAb concentrations 
ranging from 10to 110 lU/mLThe CVof > 19% was 
reached at 24 lU/mL and, therefore, values below 
this limit were considered as undetectable TgAb 
concentrations. 

The intra-assay CVs for Tg measurements were 
1.8% and 1.4% in serum samples containing 4.1 
and 26.9 ng/mL Tg, respectively. The inter-assay 
CVs were 1.8% and 3.6% for samples containing 3 



and 4.2 ng/mL Tg, respectively (N = 21). The ana- 
lytical sensitivity was 0.1 ng/mL. We determined 
the functional sensitivity of the method in 7 serum 
pools with Tg concentrations ranging from 0.46 to 
4.6 ng/mL. The CV of > 19% was reached at 0.46 
ng/mL Tg concentration and, therefore, values be- 
low this limit were considered as undetectable Tg 
concentrations. 

The reference range for the TSH assay was be- 
tween 0.27 and 4.2 mU/L, and the functional sensi- 
tivity provided by the manufacturer was 0.014 
mU/L. 

Statistical analysis 

The values are presented as median and lower 
and upper quartiles (25% and 75% percentiles) 
except for in vitro experiments where the results 
are given as means ± SD. TgAb (as independent 
variable) and Tg concentrations obtained from in 
vitro experiments were logarithmically (Ln) trans- 
formed then their relationship was analyzed by 
linear regression. Changes in Tg concentrations 
expressed as percent decrease from baseline af- 
ter the addition of increasing concentrations of 
TgAb were also analyzed. The association be- 
tween loss of Tg% and TgAb was examined using 
logarithmic regression. An equation derived 
from the curve that could be ordered with the 
best r-squared value on chart was established 
and used for correction of Tg levels obtained 
from patients with DTC who had measurable Tg 
(> 0.46 ng/mL) and TgAb (> 24 IU/L) levels with 
the assumption that the same TgAb interference 
exists in the presence of naturally occurring hu- 
man TgAb. Differences between measured and 
calculated Tg levels and between L-T4 on and off 
Tg and TSH levels were assessed using non para- 
metric paired test (Wilcoxon matched pairs test). 
A P value less than 0.05 was considered statisti- 
cally significant. 

For statistical analysis Statistica for Windows '95 
4.0 software package and Excel 5.0 (Microsoft) as 
well as SPSS for Windows (version PASW Statis- 
tics 18, USA) with 95% confidence interval were 
used. 
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Results 

As shown in Table 1, there was a substantial de- 
crease of Tg values in each of the 9 serum pools in 
the presence of the lowest added TgAb which in- 
creased measured TgAb levels to 39.1 ± 5.5 lU/mL 
In serum pools with baseline Tg concentrations 
below 11 ng/mL, the addition of TgAb that in- 
creased TgAb concentration to 75.6 ± 2.5 lU/mL re- 
sulted in undetectable Tg levels, whereas Tg val- 
ues became undetectable in each of the 9 serum 
pools in the presence of the highest concentration 
of TgAb. 

Table 2 summarises the results of regression analy- 
sis for decreasing Tg levels and loss of Tg% as de- 
pending variables. The strong relationship be- 
tween TgAb and measured Tg concentrations al- 
lowed us to calculate the loss of Tg in serum pools 
with detectable TgAb levels (Figure 1). Changes in 
Tg after the addition of increasing concentrations 
of TgAb were described as loss of Tg% = -0.2408 x 
Ln(TgAb lU/mL) + 0.1944 (r = 0.83; P < 0.001). 

Of the 134 serum samples obtained from patients 
with DTC, TgAb concentrations were undetectable 
(below 24 lU/mL) in 13 sera (10%), within the refer- 
ence range (between 24 and 115 lU/mL) in 106 
(79%) and above the upper limit of the reference 
range (> 115 lU/mL) in 15 samples (11%). There was 
no difference in follow-up times between TgAb 
positive and TgAb negative patients. The percent 
occurrence of undetectable Tg was similar in sam- 
ples with TgAb levels within the reference range 



(56/106 samples, 52.7%) and in those with elevat- 
ed TgAb levels (8/15 samples, 53%). There was a 
significant increase of both TSH from a median of 
0.10 (0.05 1.27) to 28.3 (16.0 44.0) mlU/L and Tg 
concentrations from 0.09 (0.09 3.20) to 7.15 (0.09 
80.00) ng/mL in serum samples obtained from 
DTC patients after L-T4 withdrawal (P < 0.001 for 
both TSH and Tg). 

Of the 134 serum samples, 26 samples had detect- 
able amounts of both Tg and TgAb (22 samples 
obtained during L-T4 treatment and 4 samples af- 
ter L-T4 withdrawal). Using the equation defined in 
our in vitro experiment, calculated Tg concentra- 
tions proved to be significantly (P < 0.01) higher 
than measured Tg values in samples obtained dur- 
ing L-T4 treatment [N = 22; 5.53 (2.17-11.32) vs. 3.3 
(1.6-6.9) ng/mL], but in those after L-T4 withdrawal 
the difference between calculated and measured 
Tg concentrations was not statistically significant 
[N = 4; 32.32 (10.1-258.1) vs. 20.4 (6.4-111.6) ng/mL]. 
In 2 patients calculated but not measured serum 
Tg exceeded 2 ng/mL during L-T4 treatment, and a 
marked increase of measured serum Tg after L-T4 
withdrawal (16.8 and 6.1 ng/mL) in these 2 patients 
indicated persistence of the disease. 

Discussion 

Our study shows that serum TgAb concentrations 
within the reference range exert a significant ef- 
fect on the Tg assay. We found that addition of in- 
creasing amounts of TgAb to serum pools to reach 



Table 2. Summary of regression analysis for decreasing Tg levels and loss of Tg% as depending variables. 



Coefficients" 


Unstandardized 


Standardized 






95% Confidence Interval 


Coefficients 

Model 

B SE 


Coefficients 
Beta 


t 


P 


forB 

Lower 
Bound 


Upper 
Bound 


Constant 8.49 

1 

LnTgAb -1.79 


0.74 




11.45 


< 0.001 


6.98 


10.0 


0.19 


-0.86 


-9.58 


< 0.001 


-2.16 


-1.41 


R 2 = 0.74; ANOVA: F(1;33)=91.7; P<0.001 














Constant 3.61 


0.38 




9.52 


< 0.001 


2.84 


4.38 


2 

LossofTg% 3.32 


0.52 


0.75 


6.43 


< 0.001 


2.27 


4.37 


R 2 = 0.56; ANOVA: F(1;33) = 41.3; P < 0.001 














"Dependent Variable: LnTg; SE, standard error; ANOVA, Analysis of variance for regression 


by 95% confidence interval. 
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Measured TgAb levels (lU/mL) 
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Figure 1. Nomogram for the calculation of lossofTg%. 
r - coefficient of variation. 



y = -0.2408Ln(x) + 0.1944 
r = 0.83 




TgAb levels within or near the reference range 
produced a dose-dependent decrease of Tg levels. 
The majority of literature data propose that TgAb 
needs to be taken into consideration only in cases 
with significantly elevated TgAb levels (2,4). The 
potential significance of TgAb within or near to the 
reference range on the Tg assay has not been con- 
sidered or has been neglected, although a few 
studies indicated that they may have an impact on 
Tg measurements (5-10). 

Our study confirmed the frequent occurrence of 
TgAb in serum samples of DTC patients who un- 
derwent thyroid ablation. With the use of data ob- 
tained from our in vitro experiments with added 
TgAb, we were able to calculate the loss of Tg due 
to TgAb interference in serum samples with de- 
tectable Tg and TgAb obtained from these pa- 
tients. We found that calculated Tg concentrations 
were significantly higher than measured values in 
serum samples containing detectable Tg and 
TgAb. In 2 patients the difference between meas- 
ured and calculated Tg values was clinically re- 
markable and, indeed, serum Tg measured after 
L-T4 withdrawal indicated persisting disease in 
both cases. We believe that these observations 
may prove to be useful for the follow-up of pa- 
tients with DTC. However, further studies are 
needed to explore the clinical relevance of our 
method of calculated Tg in monitoring these pa- 
tients. 



An obvious drawback of our study is that the equa- 
tion used for calculated serum Tg can be applied 
only for the assays studied. Regarding the TgAb 
antibody used for calibration of the TgAb assay, it 
is not known whether sheep TgAb raised against 
an excess of heterologous Tg is comparable to nat- 
urally occurring human TgAb. Rosario etal. used a 
chemiluminescence TgAb assay calibrated against 
human TgAb (reference value 1 lU/mL) (7). Gorges 
et al. also used a competitive assay and human 
TgAb standard (cutoff value < 50 lU/mL) (8). In con- 
trast, our assay was calibrated using sheep TgAb 
and the reference range was higher than those 
used in these previous studies. In addition, a re- 
cent study showed marked discordance between 
the 4 TgAb methods studied suggesting that TgAb 
assays failed to predict precisely the Tg-TgAb inter- 
ference (11). Inter-individual variations among 
TgAbs, such as distribution of immunoglobulin 
classes, epitope specificities and antibody avidities 
may substantially affect kinetics of Tg-TgAb inter- 
action, clearance rates and biological half-lives of 
Tg or Tg complexed with Tg*Ab. Such differences 
may result in a more complex kinetics of the Tg- 
TgAb interaction not reflected by the equation 
used for calculated serum Tg in the present study. 
Thus, our method fails to solve the problem of Tg- 
TgAb interactions, but we believe that it increases 
the value of cohesive biochemical findings and 
their interpretation in routine practice. 
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It has been proposed that the way out of the ana- 
lytical trap of determining Tg as tumour marker 
will probably be provided by the development of 
more reliable assays. In addition, several other as- 
says have been developed to distinguish Tg pro- 
duced by malignant and benign thyroid tissues, 
but they have not been applied for routine use 
(12). Until more reliable methods become availa- 
ble, we recommend that every laboratory should 
monitor TgAb interference of the used Tg method. 



Acknowledgements 

The authors thank Zsuzsanna Papp and techni- 
cians of the Radioimmunoassay Division for their 
technical support. 

Potential conflict of interest 

None declared. 



References 

7 . Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Man- 
del SJ, et at. Revised American Thyroid Association ma- 
nagement guidelines for patients with thyroid nodules and 
differentiated thyroid cancer. Thyroid 2009;! 9:1 167-214. 

2. Pacini F, Schlumberger M, Dralle H, Elisei R, SmitJW, Wier- 
singa W. European consensus for the management of pati- 
ents with differentiated thyroid carcinoma of the follicular 
epithelium. Eur J Endocrinol 2006;! 54:787-803. 

3. Spencer CA. Assay of thyroid hormones and related sub- 
stances. Available at: http://www.mhri.edu.au/biostats/ 
DAG Stat/. Accessed January 1, 2010. 

4. Spencer CA, Lopresti JS. Measuring thyroglobulin and 
thyroglobulin autoantibody in patients with differen- 
tiated thyroid cancer. Nat Clin Pract Endocrinol Metab 
2008;4:223-33. 

5. Spencer CA. Clinical review: Clinical utility of thyroglobu- 
lin antibody (TgAb) measurements for patients with diffe- 
rentiated thyroid cancers (DTC). J Clin Endocrinol Metab 
2011;96:3615-27. 

6. Spencer C, Petrovic I, Fatemi S. Current thyroglobulin auto- 
antibody (TgAb) assays often fail to detect interfering TgAb 
that can result in the reporting of falsely low/undetectable 
serum Tg IMA values for patients with differentiated thyro- 
id cancer. J Clin Endocrinol Metab 20 1 1 ,-96:1283-91. 

7. Rosario PW, Mala FF, Fagundes TA, Vasconcelos FP, Cardoso 
ID, Purisch S. Antithyroglobulin antibodies in patients with 



differentiated thyroid carcinoma: methods of detection, in- 
terference with serum thyroglobulin measurement and cli- 
nical significance. Arq Bras Endocrinol Metab 2004;48:487- 
92. 

8. Gorges R, Maniecki M, Jentzen W, Sheu SN, Mann K, Boc- 
kisch A, Janssen OE. Development and clinical impact of 
thyroglobulin antibodies in patients with differentiated 
thyroid carcinoma during the first 3 years after thyroidec- 
tomy. Eur J Endocrinol 2005;1 53:49-55. 

9. Toldy E, Locsei Z, Szabolcs I, Kovdcs GL Assay-depen- 
dent interference of normal thyroglobulin-antibody levels 
with thyroglobulin measurement. Clin Chem 2007;Suppl 
45-J379. 

10. Cubero JM, Rodriguez-Espinosa J, Gelpi C, Estorch M, Cor- 
coy R. Thyroglobulin autoantibody levels below the cut- 
off for positivity can interfere with thyroglobulin measure- 
ment. Thyroid 2003;1:659-61. 

11. Krahn J, Dembinski T. Thyroglobulin and anti-thyroglo- 
bulin assays in thyroid cancer monitoring. Clin Biochem 
2009;42:416-9. 

12. Shimizu K, Nakamura K, Kobatake S, Satomura S, Maruya- 
ma M, Kameko F, et al. The clinical utility of Lens culinaris 
agglutinin-reactive thyroglobulin ratio in serum for distin- 
guishing benign from malignant conditions of the thyroid. 
Clin Chim Acta 2007 ;379: 101-4. 



Biochemia Medico 2012;22(3):365-70 



370 



